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CHARACTERISTICS A 35-J?EROEIl!&

CEORDPIUNFLUOMTHEIUCA0006A3RFOIL

SECTIONATHIGHSUBSONICSl?EEDS

Win&tunneltestshavebeenmadetodetiminetheaero@Wnio
characteristicsofa l>peroenkanda 3>percen&chordplain
trailing+dgeflapontheNACA0006airfoilsection.Simul-ous
measurenantsofsectionlift,~, andpito@ing-nt weremde
overa rangeof Machnumbersfrom0.3toappro~tely0.9atangles
ofat~okrangingfrom-8°to12°forflapdeflectionsof0°,5°,ma
1(P.hcmmentsofsectionliftmeff#cientandohangesinairfoil. angleof atticknecessarytomain~inconstantliftwithunitchanges
inflapdeflectionarepresentedasa ~asureoftheeffectivenessat
highsubsonicspeedsofa plainflapemployedona verythinprcfile..

Ananalysisofthe,test‘resultsshowsthat,forsmallflap
deflections,theincrementofliftinefficientproducedby,&plaln
flaponthelUOA0006airfoilat0.875-h numberissubs-ti~
tiesameasorgreaterthanthatrealizedatlowspeeds.A study
oftherelativeeffectivenessoftwoflapsizesIndicatisthat,onthin
airfoils,thelossInflapeffectivenessatM@ subsmnicspeedsis
considerablylessfora large-chordthanfora ~hord flap.

,.
Theeffectivenessofthe”flapsofthepresentizrvestigation

hasbeencoqwredwiththatofa 2&percent-chord
bothamodifiedMICA65,3419andtheEACA6-o
thiscomparisonitappearsthat, athighsubscmic
rateofdeoreaseIneffectivenessofa plainflap
airfoilsistheleastseverefortheairfoilwith
thiclmess-chor~ratio.

plainflapon
airfoils.Fr”a
speeds,the
onthesethree
thesmallest
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Varioushigh+peedinvestigationsoflift-oontroldeviceshave
indicatedthata pronounceddecreaseintheeffectivenessofsuch
devicesoccursathighsubsonicspeeds.A compariscmis~de ih
reference1 oftheeffectivenessofthreetypesofliftcontrols:
a P~~ t~il~-edgefkpja dive-recoveryflapsanda spoiler.
Althoughtheexperimentalresultspresentedforthesecontrolsshow
thateachremainseffectiveatMachnumbersbetweenthoseforairfoil
liftdivergenceand0.875,itappearsthattheplaintrailing-eQe
flapexhibitstheleastvariationinlif~ontroleffectivenessfor
Machnumbersfrom0.3to0.875.Thedataofreference1also
indicatethata reductioninairfoilthiclmese+jhbtidatioWays the
onsetoftheabruptlossintheplain-flapeffectivenesstihigher
&h numbers.

Thepresentinvestigationwasundertakentoprovideinformation
ontherespectivecharacteristicsof relativelyszdl-ohordandlqrge-
chordflapsona verythinprtiileathighsubsonicspeeds.Values
ofcontroleffectivenessfor two sizes of plainflapareobtained
fromIif*oefficlentdata.Thesevaluesarecomparedtoshuwthe
influenceofa variationInf’lap-ohordratioontheflapeffective-
nessathighspeeds.Theohangeintherateofdecreasein
effectivenessthatcanbeeqeotedtoacoompanya reducticmin
airfoilthioknes~hordratioIsindloatedbya comparisonofthe
presentdatawiththecharacterietiosofa plainflapontwoNACA
aitioilsofgreaterthidcnesses~Forairfoilshavinga designllft
ooeffioientof0.2cm108s,Itisbelievedthattheairfoilcamber
haslittleeffectonthedmmobristicsofa plainflapathigh ,
subsoqbspeeds.

SYMBOLS

sectionliftmeffioi.ent

Incremntofsecticmliftmet’fiolent

seotd.cmdragmeffloient

seoti.onpltch~nt mef’fiolentabout

fre~treamWh nmiber

sectionangleofattack,de#ees
~: ==~+1

qaarte~hordpoint

.

—
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.

‘% flapdeflection,degrees

AcL& sectionfla~ffectivenessparameter,absolutevalueof
therat~oofequivalentchangeinsectionangleofattack
tochangeinflapdeflectionangleata constamtlift
c-fficient

APPARATUSANDZEs!rs

ThetestswereccmductedintheAres1-by~ -foothigh+peed
windAunnel,a low-turbulenceclosed-throattunnel.Forthis
investigation,five&inc&chordmodelswereconstructedofduralmnin
torepresenttheunflappedNAOA0006airfoilsectionandtieI?AOA
0006sectionwitha l>percen+anda 3>percen&ohordplainflap
deflectedapproximately5°and10°.Wasure~ntsoftheflap
deflectionsonthemodelsrevealedthatthedeflectiaangleswere
actually5.5°and10.5°forthel>percen~hordflapand4.9°and
10.2°fcmthe3>percenKhordflap.OrdinatesfortheNACA0006
airfoilaregivenintableIandsketchesofthemodelsofthe
presentinvestigationareshowninfigure1.

.
Themodelsweremountedsoastocompletelyspn thel-foot

~nsion ofthetunneltestsection.Spong~hbergasketswere
cmpressedbetweenthetunnelwallsandtheendsofthemodelsto
preventendleakage,thuspresemingtw~nsional flowand
assuringthemeasure~ntofsecticmcharacteristics.

Lift,drag,andpitohing+nawntdatafortheMICA0006airfoil
wereobkinedatWch numbersfrom0.3toapproximately0.9for
angles& attackrangingfrom-2°to12*by2°increments.
Correspondingmeasurementsweremadeatanglesofattackfrcxn~“
to6°fortheairfoilwitha l>percen~hordflapandfrom-@ to
4°fortheairfoilwitha 3>~rcen~hordflap.TheReynolds
nuuibersofthetestsrangedfrom1x 106tonearly2x 10’,
respectively,forMachn@bersfrom0.3toapproximately0.9.

Aitioilliftandpitchingm~nt wereobtainedbyIntegrating.
thepressuredistributionalongtheceilingandfloorofthe
tunnel.Dragfwce~weremea-d bythetie-survey~thod
eqployinga rakeofto~l-headtubes.

TESTRESULTS

. Sectioncharacteristicsoflift,drag,andpitchingmomntfor
eachofthemodelstestedarepresentedasa functionofMachnumber
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infiguresQ to10,Inolusive.Crossplots(figs.U, 12,and13)
atc&stant14aohn&bereilludwatitherespectivetiiationsof
sectionliftcoefficientwithangleofattack,sectiondragooeffl-
oientwithliftcoefficientandsectionmomentooeffioientwithlift
ooefficlentfortheu 0006a=oil. -shedlinesatthehigh-
speedextremitiesC&thecurvesoffigures 2 to13servetoindioata
thatsonsunoertiintyexistsregardingthevalidltyofdatiobserved.
atspeedsinthevicinityofthetunnelchokingvelooity.Alldata
havebeenccmrectedfortunneWuaS1.Interferencebythemethodsof
reference2. Inore-ntsofsectionliftcoefficientatmnsWt
l&chnuuiberssre~esentedasa funotionofflaptiflectimin
figureslhand15forseveralanglesofattzwkW theHACA0006
airfoilwitha l>percen~ad a 3>peroen~hordflap,respective~.
Theseinmmmnts,fa theairfoilwitha l>percen-herdfl&p,were
deteminedforairfoilanglesofattaokmrrespondingtoliftmeffi-
cientsof0,0.2,and0.4atzeroflapdeflecticm.Fortheairfoil
witha 3>peroen~hordflap,Iiftioefficientticrementswere
iktermlnedforanglesofat~ckcorrespondingtoliftcoeffiolents
ofOand0.2atzeroflapdeflection.Theincrementsofsection
liftmeffioientoffigureslhand15arecros~plottedagainst
Maohnumberinf@ures16and17forconstantflapdeflectionsand
forthesameanglesatattackasthoseoffigureslhand15. .

~ figures18and19vaLuesottJMf~p-effectivenessparametar
&/+ aregivenasa ~tiau ofWmh numberforthe w 0006
aizfoilwitha l>peroen%anda 3>percen&ohordflap,resmctively~
atcmnstantliftcoefflo~ents.Todeteminethevalueof &z/+
fora particularMohnumber,a curve& an@eofattaokversus
flapdefleoticm,ata constantliftcoefficient,waspreparedfor
the.sameI&ohnumber.Theabsolutevalueoftheave~e slopeof
thiscurveovera deflectionrsmgefrom0°to10°wastxikenasthe
valueof &t/fSf●

IniYgure20,theeffeotlvenessoftheplainflapsonthe
airfoilofthepresentreportisshcwnwiththatofa plainflap
onbotha l$+sroent+md
aectlm.

a l@eroent-thicklW2A~erles airfoil

DISCUSSION

DXWIandmcmentcharaoteristiosoftheMACA0006airfoilwith
andwith&tflaps,asgiveninfigures5through10emdfigures12
and13,havebeenincludedinthspresentreportsolelytomakethis
informtianavailabletothereaderandwillnotbedlsoussedhere.
Thefolluuingremarksaremncernedwiththelifbocmtroleffective-
nessofplainflapsasdeterminedfromananalysisofthelift
coefficientdatapresentedinfigures2,3 4,andU.

*
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Ex&naticnOftheCR?WSSC& fi@.U’SS~ thJ?OU@17tINii@tSS
that, in the subcritic-peedrange,themagnitudeofthelift-
coefficientincnmentsproducedbythedefleotedflapsincreases
steadilywithanincreaseinWoh number.Maximum*ues ofthe
liftincrementsoccuratMachnunibersapproxhnatelyequaltothose
for lift divergenceoftheairfoi~flapmmibination.Asthespeeds
increaseabovethoseatwhiuhthemaximumincrementsoccurfora .
constantflapdeflecthn, the magnitudes of “theliftincremnts
decreaseinwaryingamounts.At O.@5 Machnaber,thehighest
Machnumberforwhichda- ispresented,thelifbincrenmtvalue
fora givenflapdeflectionissubstantiallythesameasorgreater-
thanthatexhibitedatthelowestspeeds.~

A motisignificantmeasureoflift+xnrtroleffectivenessthan
thelift-producingcapacityoftheflapisthec?mugeinairfoil
- ofattackneoessaryto=intainconstantliftwitha unit
changeIn flapdeflection.~ psramebr &z/@f therefore,3s
usedinthepresentreporttoindicateflapeffectiveness.

Thecktioffirs 18and19showthat,atlowMachnumbers,
thechangeinmagnitudeof.theflafiffectivenessparameter
Lu/+ withchange= Wch numberorliftccefficientissmall.
AtthehighestMachnumbers,anappreciabledecreaseinthevalue
of lW/~f isshownforanincreaseinZ&ohnumberbuttherateof
thisdecreaseienotgreat.Thereduationk L!a/& duetoan
increaseinliftcoefficientissna311,e=eptfor* airfoilwith
the35-percent+hmdflap (fig. 19~fora chaageinliftcoeffi-
cientfrom0.2to0.4.Atzeroliftcoefficient,theeffactiveness
ofthel>percent+hordflapata Machnumberof0.875is
approximately58percentofthelow-speedvalue;whereas,for the
3>percen*hordflq at the sameMachnuniber,tieeffectiveness
isnesxly80percentofthatatlowspeeds.Simeboththe
l>percent+andthe3>percentihordflapsretainhighvaluesof
effactivenessatthisMachnumber,thedataindicatethata plain
flap on the IWA0006airfoilisadequateforcontrolapplications
uptoa Machnuuiberof0.875. Itisalsoevidentthat,athigh
subsonZcspebds,larg~hordflapslosea smaUerpercentageof
‘Welow-peedoffeottmmessthandosma~hordflaps.Thus,
satisfactorycontroleffectiveness~ be=intainedtohigher
speedsbytheuseoflarge-chordsmal&spanflaps.

Theseverityof the 10ss in offnativenessofa plaintlapat
highsubsonicspeedsappearstobeappreciablyinfluencedbythe
Wcbess+hordratiooftheairfoilonwhichtheflap is employed.
(seefig.20.) Thedatawesentedfa thel%mr~en~~ck a~ofl
wereobtainedfroma reportoftheinvestigationofa 20-percen+
chordflapm amodtfiedNACA65,~lg aitioil.(Seereference3.)
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Neglectingthex11 influenceufcamberonthedaractirlsticsof .
airfo+lshavinga designliftcoefficientof0.2orless,thecurves
offigure20wouldindicatethatconsiderableimprovemntincontrol
effectivenessmayberealizedbydecreasingtheaizfoilthickness-
ohordratiofrom0.19to0.10.A similarcomparisonofthedatafor
the2&percent+hordflaponthelTAOA6X1O aifioilwiththatfor
thel>percent-and3>p6rcent+hordflapsontheWA 0006airfoil.
indicatesthattherateofdecreaseinflapeffectivenessatsupep
critioalspeedsbecomessmallerwitha reductioninthiclmess-chord
ratiofromO.1Oto0.06.

f lay

CONCLUSIONS

Fromanamalysisofthehigh+peedcharacteristicsofa plain
employedona verythinprofile,asdeterminedfromwind-tunnel

tas%sofa-l>percen>-anda @perc&t-chordplainflaponthe
NAOA0006airfoilsection,thefollcwingconclusionscanbemade:

1. Thedataindicatithatboththel>percent-andthe
3>w’cenMhordplainflaps~ theIWCA0006airfoil w adequate,
insofarascontroleffactivenessisconcezmed,for contr~lapplic+
tionsuptoa Maohnumberofatleast0.875.

2. Thelossineffectivenessofa plainflapona thinaitioil
atMachnuuibersup to 0.875islesss6verefora large-chordthanfor
a ~lhhord fla;.

AmesAeronauticalLaboratory,
NationalAdvisoryCommittee

MoffettField,Calif.
ForAeronautics,
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TABLEI

. NACA0006A.JRFOIL

[Stationsamdordinatisgivenin
percentofairfoilohord]

Uppersurface
Hation

!.25
2.5
2.0
795
10
15
20
25

it
50
60
70
80
w
95
LOO
LOO

ordinate
o
.95
1.31
1.78
2.10
2.34
2.67
2,87
2.97
3.00
2.90
2.65
2.28
1.83
1.31
.72
.40
;.06)

L.E.R

Lower
Station
o
1.25
2.5
5.0
7*5
10
15
20
25

%
~:“

70
80
w
95
Loo
LOO

adius:O.

urface

Drdinate
‘o’ “

55
-.:31
-1.78
-2.10
+2.34
+2.67
-2,87
4.97
-3.00
-2.90
-2.65
-2.28
-J..83
-1.31

-.72
-.40
(-.06)
o

40

.

.,

.

.

.
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NO FLAP

0.!5C FLAP, 6f=5.5”

0.15C FLAP, tif=i0.5”

-.

0.35C FLAP, 6+=4.9”

0.35C FLAP, &f=10.2°

NATIONALADVISORYCWMITTSSFORAERONAUTICS

FiGUREJ.–THE NACA 0006 AIRFOiL SECTION WITH PLAIN

.—

TRAILING-EDGE FLAPS OF TRUE AIRFOIL CONTOUR.
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(b)$= 10.5°
FIGURE3.-CoNcLut)ED.NACA.0006 AIRI=OIL WITH
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FIGURE 5.-THE VPQIATIONOF SECTICN DRAG COEFFICIENT
WITHMACHNUM13ERFCR THE INACAf10C6 AI RFCIL.
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FIGURE6.- CONCLUDED.NACA0006AIRFOILWITH

15-pERc ENT- AIN FLAP.
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(b)6$=10.5°
FIGURE 9.- CONCLUDED.NACA 0006 AIRFOILWITH
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(al 6$=4.9”
FIGUREIO.- THE VARIATIONOF SECTION MOMENT

COEFFICIENTWITH MACH NUMBER FOR THE
NACA 0006 AIRFOiL WITH35- PERCENT- GHORD
PLAiN FLAP.
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